INTRODUCTION
Muscle contraction and relaxation are controlled by the intra-fibre free Ca2" concentration, which, in turn, is regulated by the sarcoplasmic reticulum (Endo, 1977; Tada et al., 1978; De Meis & Vianna, 1979; Ikemoto, 1982; Martonosi, 1984) . Thus the major functions of this membrane are Ca2" uptake, storage and release. Ca2" uptake occurs through the (Ca2" + Mg2")-dependent ATPase (Racker, 1972) , and its enzymic mechanism is understood in rather detailed terms (De Meis & Vianna, 1979) . The steps that link depolarization of the sarcolemma and transverse tubular membranes to the release of Ca2" ions from the sarcoplasmic reticulum are poorly understood (Endo, 1977) . Several mechanisms have been proposed for the physiological release of Ca2l, including activation by external Ca2+, 'depolarization' of the membrane, a change in membrane surface charge and/or a pH gradient, or inositol trisphosphate (Ebashi, 1976; Endo, 1977; Shoshan et al., , 1983 Winegrad, 1982; Ikemoto et al., 1984; Volpe et al., 1985; Vergara et al., 1985) .
The involvement of nucleotides in the Ca2+-release process has been previously reported (Ogawa & Ebashi, 1976; Endo, 1981 ; Endo et al., 1981 ; Morii & Tonomura, 1983; Meissner, 1984) . Adenine nucleotides, in the millimolar range, enhance the rate of Ca2+-induced Ca2+ release more than 1000-fold, without causing a major change in the Ca2' affinity of the gate (Endo, 1981) . Morii & Tonomura (1983) proposed that the Ca21-release channel may exist in inactive and active forms and that adenine nucleotides shift the equilibrium towards the active form. However, it seems that the nucleotide-binding site involved in Ca2+-induced Ca2" release also can bind CTP, because CTP inhibits the accelerating effect of p [NH] ppA (Morii & Tonomura, 1983) . Several reports have suggested that ATP may affect the membrane permeability for Ca2" through a mechanism which is different from the Ca2"-induced Ca2+ release. Millman & Azari (1977) showed that the exposure of Ca2+-loaded vesicles to Mg2+-free ATP induces a rapid transient release of Ca2+ ions. Chiesi & Wen (1983) observed that the rapid phase of ATPinduced Ca2' release from vesicles passively loaded with Ca2+ is composed of two components, one involving the phosphorylated intermediate of the Ca2+-ATPase, and the other (which can be induced by p [CHJ] ppA, as well as ATP) apparently requiring only binding of the nucleotide. Thus the effect of ATP on membrane permeability is complex, and probably is a result of interaction with different proteins. In the present study, the stimulation of Ca2' effiux from sarcoplasmicreticulum vesicles by preincubation with ATP in the presence of Pi, and a specific labelling of 160 kDa protein by 8-N3-[a-32P]ATP, are described. bell & MacLennan (1981) . This preparation contains a mixture of light, heavy and intermediate vesicles. Heavy and light sarcoplasmic-reticulum vesicles were isolated as described by Meissner (1984) . The protein concentration was determined by the method of Lowry et al. (1951) . Modification of sarcoplasmic reticulum with ATP Sarcoplasmic-reticulum membanes (1 mg/ml) were incubated with ATP (0.5-2.0 mM) in 0.1 M-potassium phosphate, pH 8.0. The mixture was incubated for 10 min at 24-28 IC, then the samples were transferred to ice. Samples were diluted 10-fold with the reaction mixture for Ca2l transport or ATPase activity and assayed as described below.
In some experiments as indicated in the Table or Figure legends , the modified membranes were separated from the unchanged reagent by centrifugation-chromatography (Penefsky, 1977) on a column of Sephadex G-50 (fine grade) equilibrated with 20 mM-Tricine/100 mMNaCl, pH 7.2. The protein concentration in each sample was determined (Lowry et al., 1951) . Assays Active Ca2l uptake by sarcoplasmic-reticulum vesicles was determined by Millipore filtration with 45CaCl2. The basic reaction mixture contained 20 mM-Mops, pH 6.8, 100 mM-KCl, 3 mM-MgCl2, 3 mm-ATP, 0.5 mM-CaCl2 (containing 4"Ca, about 106 c.p.m./,umol), 0.5 mm-EGTA and 50 mM-potassium phosphate. The uptake was started by the addition of sarcoplasmic reticulum (40-80,g/ml). After incubation for 1 or 2 min at room temperature, 0.18 ml samples were filtered through nitrocellulose filters (0.3 #sm pore), and washed with 5 ml of 0.15 M-KCl. Radioactivity on the filters was measured in a liquid-scintillation counter. ATPase activity was assayed under conditions similar to those used for Ca21 uptake, except that 4"CaCl2 was omitted and [y-32P]ATP was added to the reaction mixture. Ca2' effilux from passively or actively loaded vesicles, and E-P (phosphoenzyme) formation, were assayed as described in Table  or Figure legends.
RESULTS
The effect of preincubation of sarcoplasmic-reticulum vesicles with ATP and Pi on their Ca2" accumulation and ATPase activities is shown in Fig. 1 . More than 2-fold stimulation of ATPase activity and about 90 % inhibition of Ca2+ accumulation is obtained on preincubation of the membranes with 1 mM-ATP for 10 min. A half-maximal effect is obtained with 0.3-0.4 mM-ATP for both the inhibition of Ca2l accumulation and the stimulation of ATPase activity, under the conditions of this experiment.
As shown in Fig. 2(a) , the inhibition of Ca2+ accumulation by preincubation of sarcoplasmicreticulum vesicles with P1 + ATP is strongly pHdependent, increasing as the pH is increased above 7.5. In the presence of 100 mM-P1 and 1 mM-ATP and at pH 8.0, maximal inhibition of Ca2+ accumulation is obtained after about 10 min of incubation (Fig. 2b) . In Fig. 3 membranes with 100 mM-Pi without ATP stimulates Ca2" accumulation by about 1.5-fold. This is probably because of its accumulation in the vesicles during the preincubation time, which leads to increased Ca2l accumulation.
The effect of preincubation of the membranes with ATP + Pi on their Ca2" accumulation or ATPase activity was obtained with the heavy fraction of sarcoplasmic reticulum (Meissner, 1984) and with membranes previously washed with 0.6 M-KCl or washed twice with 1 mM-EGTA (results not shown), as well as with the membranes used in most of this study (see the Experimental section). In addition, the presence of quercetin, an inhibitor of Ca2+-ATPase , during the preincubation of the membranes with ATP + Pi has no effect on the inhibition of Ca2à (Penefsky, 1977) . After preincubation of the membrane with 0.15 mM-[y-32P]ATP and then passing the membranes through Sephadex G-50 (Penefsky, 1977) , 0.25 nmol of 32P/mg of protein is incorporated into the membranes.
The nucleotide specificity of the inhibition of Ca2" Sarcoplasmic reticulum was incubated with ATP as described in Fig. 1 . After 10 min, samples were assayed for Ca2l-uptake activity, and 0.12 ml portions were subjected to rapid chromatography (Penefsky, 1977) Table 2 , but in other preparations was completely
ineffective. This observation may suggest that its activity is due to its conversion into ATP by adenylate kinase, which contaminated some sarcoplasmic-reticulum preparations. Table 2 also shows that the presence of CTP or UTP together with ATP in the preincubation has no significant effect on the degree of ATP inhibition of Ca2" accumulation. This suggests that the ATP-binding site responsible for the effect described here is very specific for ATP. This nucleotide specificity is different from that obtained for the (Ca2" + Mg2+)-ATPase activity (Makinose & The, 1965 (Table 3) . Oxalate (5 mM) also did not replace P1 in this ATP-dependent effect (results not shown).
The effect of the bivalent cations Ca2" and Mg2" on the inhibition of Ca2' accumulation by preincubation of the membranes with ATP + P1 is shown in Table 4 . As shown, inhibition of Ca2" accumulation is also obtained when the membranes were preincubated with ATP in the presence of Mg2+, but not of Ca2+. The effect of Ca2+ in preventing the modification by ATP could be a result of a decrease in ATP concentration, due to its hydrolysis. However, the presence of quercetin, which inhibits the Ca2+-ATPase activity of sarcoplasmic reticulum , during the preincubation did not interfere with the effect of Ca2+ in preventing the effect of ATP (results not shown). Thus it is possible that the Ca2+ effect is due to its interaction with a specific site and preventing the modification by ATP. Several partial reactions of the Ca2+-dependent ATPase were not changed by the modification of the membranes with ATP. Similar steady-state amounts of E-P formed from ATP are obtained with membrane preincubated with P1 or with P1 plus 0.5 mM-ATP, although the rate of Ca2l accumulation by the ATPmodified membranes is about 18 % of that of the unmodified membranes ( Since it appears that the modification of the membrane by ATP in the presence of P1 does not affect the catalytic cycle of the Ca2+-transport system, its effect on the Stimulation of Ca2+ efflux by ATP + P5 Table 5 . Steady-state amounts of phosphoprotein (E-P) formed from ATP by unmodified and ATP-modified membranes Sarcoplasmic-reticulum vesicles were incubated with 100 mM-potassium phosphate, pH 8.0, or with 20 mmTricine/0. 1 M-NaCl, pH 8.0, in the absence or the presence of the indicated concentration of ATP, as described in the Experimental section. After 10 min of incubation, the membranes were passed through Sephadex G-50 (Penefsky, 1977) , and samples were assayed for Ca21 uptake and E-P formation. ATPase phosphorylation was obtained in the presence of 30 mM-Tris/maleate (pH 6.8), 100 mM-KCl, 20 mM-MgCl2, 0.1 mM-CaCl2, 10 /ZM-[y-32P]ATP (8 x 104 c.p.m./nmol) and 0.75 mg of protein/ml.
The reaction was stopped after 30 s by the addition of cold trichloroacetic acid (final concn. 5 %). Samples were filtered through nitrocellulose filters (0.3 /cm) and washed with 5 x 5 ml of 5 % trichloroacetic acid/0. 1 mm-ATP/ 2 mM-Pi, and the filters were counted for radioactivity in a scintillation counter. membrane permeability for Ca2l was tested. Fig. 4 shows the Ca2" efflux from unmodified or ATP-modified membranes, passively or actively loaded with Ca2". In Fig. 4(a) , Ca2" efflux from vesicles actively loaded with calcium phosphate is shown. A rapid Ca2" efflux is obtained from vesicles preincubated with ATP + Pi upon 20-fold dilution of the vesicles into the efflux medium. It should be noted that, under the conditions used (pH 7.0, 100 mM-Pi and 1 mg of protein/ml), the Ca2+ content of the vesicles preincubated with Pi or with ATP+P1 was identical after the incubation period. As shown in Fig.  4(b) , the membranes modified with ATP and then passively loaded with 5 mM-Ca2" release about 60 % of their trapped Ca2+ within 5 s. In contrast, the unmodified membranes release less than 5 % of their Ca2+ content during the same period of time. The rate of Ca2+ efflux from ATP-modified membranes shows two phases, a rapid one completed in less than 5 s, and a slow phase. The slow .phase could be due to the slow dissociation of the Ca-Pi complex, which may be formed because of the consecutive incubations with ATP + P1 and with Ca2"; although the membranes were passed through a Sephadex column after the preincubation with ATP + P, some Pi may be trapped in the vesicles. Fig. 4 (b) also shows that in sarcoplasmic-reticulum membranes treated with fluorescein isothiocyanate (FITC), in which the ATPase activity and the coupled Ca2+ transport were inhibited by about 70 %, the membrane permeability for Ca2l is the same as in untreated membranes. These results suggest that modification of the ATP-binding site of the Ca2+-ATPase with FITC (Pick & Karlish, 1980; Mitchinson et al., 1982) Mitchinson et al., 1982 ) has no effect on the membrane permeability (Fig. 4b) . ( In (a), the vesicles were actively loaded with Ca2+ by incubation of sarcoplasmic reticulum (100 jug/ml) in the reaction mixture for Ca2+ uptake as described in the Experimental section. After 15 min the vesicles were collected by centrifugation at 100 000 g for 20 min and resuspended in 0.1 M-potassium phosphate, pH 7.0, at a protein concentration of 1 mg/ml. The vesicles actively loaded with calcium phosphate were incubated without (0) efflux, samples (30 4sl) were rapidly filtered and washed for the indicated time with a solution identical with the loading solution, except that CaCl2 was omitted. The washing rate was approx. 1 ml/s. Sarcoplasmic-reticulum membranes were actively loaded with 45CaCl2 as described in Fig. 4 . The Ca2+-loaded membranes were collected by centrifugation for 20 min at 100000 g and resuspended in 0.1 M-potassium phosphate, pH 8.0. Samples (2 mg/ml) were incubated with or without 3 mM-ATP. After 10 min the membranes were diluted
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(1:1 v/v) with 100 mM-Mes (pH 5.0)/100 mM-NaCl. The final pH was 6.5. Then, the membranes were incubated for 3 min with or without 1 mM-DCCD. The final concentration of ethanol in control and DCCD-treated samples was 2%. Ca2+ efflux was assayed by 10-fold dilution of the treated membranes into 20 mM-Mops (pH 6.8)/100 mMNaCl/1 mM-EGTA. (Ogawa & Ebashi, 1976; Ohnishi, 1979; Nagasaki & Kasai, 1981; Endo, 1981; Endo et al., 1981; Morii & Tonomura, 1983; Meissner, 1984) , and ATP is required for stimulation of Ca2l efflux by chemical modification of sarcoplasmic reticulum with methylbenzimidate (Shoshan-Barmatz, 1987) . (b) DCCD inhibits the Ca2l efflux stimulated by ATP +Pi, as it does in the Ca2l-induced Ca2" release (Yamamoto & Kasai, 1982) and in the stimulation of Ca2`release by elevated pH Ca2"-inhibited protein phosphatase activity present in sarcoplasmic reticulum (Varsanyi & Heilmeyer, 1979) . The absence of a Mg2' requirement for the (ATP+Pt)-induced Ca21 efflux might appear to exclude this possibility, since kinase activity is usually strictly dependent on Mg2+. However, the fact that a significant amount of ATP is hydrolysed and phosphorylation of sarcoplasmic-reticulum proteins is obtained with no added Mg2+ suggests that the endogenous Mg2+ concentration is high enough for this activity. The finding that ADP was also effective only in some sarcoplasmicreticulum preparations in the modification of membrane permeability ( (Zorzato et al., 1986) . At the moment, the relationship between these proteins and the 160 kDa protein that is labelled under our specific conditions is not clear. The presence of ATP-sensitive channels was suggested in other membranes, such as those of skeletal muscle (Spruce et al., 1985) and heart muscle (Noma, 1983) , and in f-cells of pancreatic islets (Cook & Hales, 1984; Ashcroft et al., 1984) . Further investigation of the specific binding and effects of ATP might lead to an understanding of the entire Ca2"-release system in the sarcoplasmic reticulum.
